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Introduction
For the past couple of years at Argonne, high-resolution studies have been made on the foil-and gas-induced dissociation of fast molecular-ion beams produced by the 4-MV Dynamitron accelerator in Physics Division.
The measurements involve detection of dissociation -4 fragments with a relative energy resolution of ±3 * 10 and an angular resolution of +1.5 * 10~ radians. Magnetically analyzed and tightly collimated molecular-ion beams are directed into a chamber (Fig. 1) containing the target foil (usually 'V'lOO-X thick carbon) or gas. Sets of electrostatic deflector plates are located in the chamber both upstream and downstream from the target. Charged fragments emerging from the target are directed into a 1-mm entrance aperture preceding an electrostatic analyzer located several meters downstream. Figure 2 shows a typical "ring pattern" obtained for a given fragment species.
The radius of such a pattern is proportional to the CM velocity acquired by these fragments primarily as a result of the "Coulomb explosions" initiated when the molecular projectiles are stripped of their binding electrons upon entering a foil target. For diatomic projectiles this CM velocity is proportional to the geometric mean of the two fragment-ion charge states and inversely proportional to the square root of their initial internuclear separation. The charge states inside the foil are the effective ionic charges that determine the stopping power. Outside the foil there is a distribution of (integral) charge states that can be experimentally determined. A knowledge of these charge states together with a measurement of the radial distribution of the intensity in a ring pattern (or along any radius of the ring) thus permits determination of the distribution of initial internuclesr separations in the utulecular-ion projectiles, fine non-uniform intensity distribution around the circumference of a ring pattern such as that in Fig. 2 is explained in terms of polarization "wake" effects 2 .)
Measurements at Argonne using a wide range of diatomic show that the protons are equivalent and that the oxygen is "in the middle". The accuracy in determining the bond length and bond angle in this case is modest because there are fairly wide ranges of values for these parameters that combine to give about the same Coulomb explosion velocity for any given fragment.
A difficulty associated with this type of measurement for polyatomic molecular ions lies in analyzing the effects of vibrational excitations of the projectiles. Excitations of some modes (e.g. symmetric breathing modes) can often be expected to result only in apparent changes in the bond lengths determined by the Coulomb-explosion method. However, many non-symmetric modes can result in apparent structures that differ markedly fiom the structure of the vibrationless ground state. It is therefore important to analyze the Coulombexplosion data in terms of the specific modes that can be excited for each projectile species considered. The analysis can be greatly simplified if the projectiles can be prepared in their ground (or at most a small range of low-lying) vibrational states.
Polyatomic structures can be much more precisely determined if spatial and temporal coincidences are recorded for two or more dissociation fragments from a given projectile. With this in mind, we recently revised the apparatus at Argonne so as to permit a wide variety of coincidence measurements. We are now able to measure double or triple coincidences and record simultaneously information on fragment charge states, energies, and flight times from the target. The system has been that H_ is equilateral triangular in shape. The three measurements of the proton-proton bond distance yielded 0.97 ± 0.03 A (Argonne), 0.95 + 0.06 X (Lyon), and 1.1 + 0.2 X (Weizmann Institute). Figure 3 shows a comparison of these results with a recent calculation of Carney '
based on the vibrational-state population parameters of Smith and Futrell. Figure 4 shows 0=0 energy spectra for 0 and C from CO.. and 0 and N from NO = Similar spectra were obtained for fragments emerging in other charge states. The principal structural characteristics are evident from just a casual inspection of Fig. 4 . The existence of only two peaks in Fig. 4(a) indicates that the two oxygen atoms in CO. are equivalent. The existence of just one peak in Fig. 4(b) shows that the carbon atom is central in a linear molecule (no net Coulomb-explosion velocity). The two peaks in Fig. 4(c) show that the oxygen atom in N_0 lies "on the outside" and the three peaks in Fig. 4(d) show that one nitrogen atom is "on the outside" and that one is in the center of a linear molecule. The central peak in Fig. 4(d) is much more strongly populated than the two side peaks because many more incident orientations contribute to it.
From these considerations, it can be seen that by simply counting the number of peaks in each spectrum, one can infer that both If CH-were rigidly linear, the width would be expected to be close to the C straggling value of 6.1 keV (the width would actually be somewhat greater than 6.1 keV because of charge-statge fluctuation effects that modify the Coulomb explosion while the ion fragments are within the target foil). A similar effect is seen in the measurement of the carbon width for the dissociation of CH_ . Again, the width is increased over the minimum that one would expect for rigid planar structure; however, it is smaller than either of the CH or CH_ results. The data for CH. show a dramatic departure from this general trend. The measured width of 11.1 keV is larger than all but the CH measurement. This indicates a highly asymmetric proton distribution around the carbon nucleus and is most likely a consequence of the Jahn-Teller distortion of CH, .
The dashed line in Fig. 5 shows the width calculated on the basis of a very crude model in which it is assumed that rigid structures having carbon charges of 3.5 and proton charges of 1.0 Coulomb explode.
No attempt was made here to include the effects of molecular vibrations, wakes, multiple scattering, charge-state distributions, etc. These calculations thus serve only as a rough guide to the possible structures of the projectiles and are not-to be interpreted as determining the actual structures. The calculation for CH assumes a bond length of 1.13 8. For CH_ a carbon-proton distance of 1.03 X is assumed and the H-C-H angle is taken to be 140° (a guess based on the expectation that the bond angle will be close to the value of 131° known ^for the isoelectronic molecule BIO. For CH^ the calculation assumes a rigid pyramidal structure with an interproton distance of 1.08 A* and with the carbon ion 0.2 X off the proton plane. The values calculated for CH, were based on the four Jahn-Teller distorted structures derived by Dixon.
As noted above, taking account of vibrational excitations of the projectiles can affect tie implications of these calculations. For example, CH-is commonly thought to be planar and the results shown in Fig. 5 are consistent with a planar structure in which a low-frequency out-ofplane oscillation of the carbon ion exists with an amplitude of *v<0.2 A.
1.1.4. HCO + .
In Table I we compare the diameters of the ring patterns obtained for C , 0 , and 0 fragments from the foil-induced dissociation of HCO and CO of the same velocity (124 keV/nucleon).
A cursory glance suffices to deduce that the triatomic beam ions must have the structure H-C-0 and not C-O-H or C-H-O.
COINCIDENCE MEASUREMENTS
The beam line shown in Fig. 1 has been expanded to include a chamber containing movable detectors (Fig. 6 ) that permit coincidence measurements. The two detectors shown in Fig. 6 can be remotely positioned with an accuracy of about 0.001 in. anywhere on a 20-in. dianeter circular area subtending an angle of 100 mrad at the target. The system has been calibrated with various diatomic beams and has recently been used to study H^ (and its deuterated substitutions) and the ions CH, , NH 2 + and 0H 2 + .
1.2.1. Figure 7 shows the proton-proton coincidence counting rate
obtained with a beam of 1.8-MeV H_ striking a carbon foil. In these measurements one of the detected protons was counted in the electrostatic analyzer (ESA). The deflections and the ESA voltage were set so that the 
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